Fibroblasts cultivated according to the flask technique in a plasma coagulum with embryo juice as nutrient fluid do not proliferate continuously. Generally, after 2 or 2{ weeks of cultivation the cells stop multiplying although only a small portion of the coagulum is covered with tissue. If a part of the tissue is transferred to a new coagulum, growth is resumed. If it is not so transferred, the cells degenerate. Investigators who have attempted to find the cause of this cessation of growth and subsequent degeneration of the cells, have generally attributed it either to changes that occur in the physical structures of the coagulum, or to the accumulation of toxic products therein. I Some of these investigators have cut out a section of the old coagulum in which fibroblasts had stopped growing and have filled in the aperture with fresh plasma. The renewed growth that resulted was taken as evidence that the cells were able to invade a newly formed coagulum but did not have the power to invade one that had aged. ~ Acting on this hypothesis, Mayer has developed a technique for growing large colonies of fibroblasts by periodically cutting away all the old coagulum surrounding the colony of cells and then building a new coagulum around them. Embryo juice is supplied, of course, as the nutrient. In this way he has obtained cell colonies 2½ era. in diameter. 3 But in all of this work no attention has been paid to the nutritive value of the serum that is gradually removed from the coaguhm as cultivation is continued, and is present again when a new coagulum is formed. The purpose of the present investigation was to ascertain if it is not the removal of this serum, rather than the aging of the coaguhm, that is responsible for the cessation of growth. Or, to express it in another way, to ascertain if the cessation of growth were not due to an inadequacy in the food supplied.
Preliminary Experiment
To test this hypothesis, two fragments of chick heart fibroblasts from a 23 year old strain were embedded in a Carrel flask in a coaguhm containing 33 per cent plasma, and cultivated for 9 days in 33 per cent embryo juice. ~ By this time their initially rapid growth had already decreased to a noticeable degree) 2 drops of chicken serum were then given every 2 days in addition to the embryo juice that had previously been supplied. Active growth was immediately resumed. However, after 9 more days of cultivation, it was evident that the rate of growth was decreasing again. Since the colonies had now become quite large it seemed that this decrease in growth might be due to an insufficient amount of food rather than to an inadequacy in the nature of the food given. Therefore, the concentration of the embryo juice in the medium was increased from 33 to 66 per cent, and the serum was given as before. Again, active growth was resumed; and this time it continued until the edge of one of the colonies reached the vertical side of the flask. A growth curve of one of these colonies showing the changes in rate of growth with each change in the medium is reproduced in Text- fig. 1 .
These results indicate that two changes in procedure are required to produce continued growth of heart fibroblasts; first, that serum as well as embryo juice should be given, and second, that the embryo juice should be supplied in higher concentration than has previously been thought desirable. The experiments that follow were designed to test each of these hypotheses in as thorough a manner as possible.
4 The embryo juice was prepared by extracting one volume of the latapie pulp of 9 or 10 day old embryos with 3 volumes of Tyrode's solution.
The coagulum in this experiment was made of horse plasma. This accounts for the decrease in the rate of growth sooner than it is usually observed with tissues embedded in coagula made of chicken plasma.
Confirmatory Experiments
The confirmatory experiments that were made may be divided into three groups. Those in the first group were designed to test the extent and duration of growth of sister colonies of fibroblasts when one was given embryo juice alone in the nutrient fluid, the other a mixture of embryo juice and serum. 66 per cent embryo juice was supplied to both cultures in some of these experiments, 33 per cent in others. The concentration of serum was varied from 4 to 8 per cent. In the second group of experiments the extent and duration of growth o[ sister colonies of fibroblasts was compared when one was cultivated in 33 per cent embryo juice, the other in 66 per cent embryo juice. In some of these experiments no serum was given to either culture. In others, serum was supplied to both. The third group of experiments was designed to ascertain whether the serum was needed mainly as a nutrient or functioned merely to preserve the coagulum. In the first of these experiments embryo juice at 66 per cent concentration was given to both cultures. One of them received 4 per cent serum in addition, the other 8 per cent serum. Then sister colonies of fibroblasts were cultivated without a coagulum, one in embryo juice alone, the other in a mixture of embryo juice and serum.
Procedure Followed in the Confirmatory Experiments
All the experiments were performed first with chick heart fibroblasts from a 23 year old strain. Then a number of them were repeated with chick heart fibroblasts from a new strain that had been cultivated only six passages in vitro before it was taken for these experiments. 6 Each culture was divided into two equal parts. These were cultivated in separate Carrel flasks 3½ cm. in diameter. With the exception of the few experiments in which a fluid medium was used, they were embedded in coagula 1.2 cc. in volume, containing 33 per cent plasma, and embryo juice at whatever concentration was to be used in the medium. Homologous plasma was used in some of the experiments, heterologous plasma (citrated horse or citrated irradiated cow plasma) in others. Coagulation of the citrated plasma was brought about by the addition of calcium-Ringer's solution prepared as described by Vogelaar and Erlichman. 7 Unless otherwise specified, a single e A few experiments were also made with fresh heart tissue taken directly from the embryo. A longer time was required to obtain the results with the fresh tissue since it contained enough stored nutriment to maintain the cells for some time.
Vogelaar, J. P. M., and Erlichman, E., Am. Y. Cancer, 1933, 18, 28. fragment of tissue was placed in each flask as near the center of the coagulum as possible. When the coagula were made with homologous plasma, no serum was given during the first week of cultivation since that already in the coagulum sufficed during this time. Phenol red at 0.005 per cent concentration was incorporated in all media to serve as an indicator of pH, and the acidity was adjusted by using a gas mixture containing 3 per cent CO2, 21 per cent 02, and 76 per cent Np. Every 2 days the cultures were washed for 2 hours at 37°C. with l½ cc. of their respective media. Then this wash fluid was withdrawn and the cultures were returned to the incubator. Whenever the cell colonies became very large, new medium was given every 24 hours instead of every 48 hours, and 0.5 cc. of medium was placed on the culture after the wash fluid had been withdrawn. The embryo juice was generally made by extracting for ~ hour one volume of pulp from 9 or 10 day old chick embryos with three volumes of Tyrode's solution. In some instances the embryo juice was made with glucosol solution. Then Tyrode's solution containing twice the usual amount of bicarbonate was used to complete the media. The serum was taken in each instance from adult cocks.
Comparison of Growth in Embryo Juice with and without Serum
In the experiments of group I, in which the tissues were embedded in homologous plasma and embryo juice was supplied at 66 per cent concentration, the sister colonies, i.e., those given embryo juice alone and those given serum with the embryo juice, proliferated very rapidly and at approximately the same rate for 11 or 12 days. Then the colonies that were being cultivated in embryo juice alone suddenly liquefied the coagula. Those that were given serum with the embryo juice continued their active proliferation until the entire coagulum was covered with tissue (Text- fig. 2 ). Thus, colonies that were 3 to 3½ cm. in diameter were obtained. The time required for the cells to cover the coagulum varied with the original condition of the tissue. The new strain of fibroblasts that had been cultivated only six passages in vitro before it was taken for this experiment proliferated so rapidly that the cells from a single fragment of tissue covered the coagulum in 17 days. Single fragments of tissue from the 23 year old strain required from 25 to 36 days in the different experiments.
In an attempt to circumvent digestion of the coagulum by the tissue cultivated in embryo juice alone the experiments described above were repeated, using heterologous plasma in making the coagula. Under these conditions liquefaction of the clot was delayed but not prevented. However, before the coagula were digested a marked difference in the rate of growth of the colonies cultivated with and without serum was noted. Those that received serum with the embryo juice increased in area and also in density more rapidly than those cultivated in embryo juice alone. While the colonies cultivated in embryo juice alone proliferated mainly at the periphery of the culture, those culti- Comparison of the growth of sister colonies of chick heart fibroblasts from a 23 year old strain embedded in coagula made of irradiated, citrated cow plasma, one cultivated in 66 per cent embryo juice, the other in 66 per cent embryo juice and 8 per cent chicken serum. Two fragments in a flask. The tissues were transplanted into new coagula on the 21st day because those in embryo juice alone were beginning to digest the coaguhm. rated in the mixture of serum and embryo juice proliferated to a considerable extent at the center as well, and formed colonies containing many layers of cells. After 2 or 3 weeks of cultivation the colonies that were given embryo juice alone liquefied the coagula. Those cultivated in embryo juice and serum proliferated as long as cultivation was continued. Curves illustrating the difference in rate of growth in one of these experiments, in which the tissues were transplanted when those in embryo juice alone began to digest the coagulure, are reproduced in Text- fig. 3 .
To see if the difference in the rate of growth observed in the heterologous plasma could be observed in homologous plasma also, the experiments were made once more in coagula of homologous plasma. But this time, the clots were washed as soon as coagulation had occurred so as to remove a considerable part of the serum they contained. Under these conditions the same difference in growth was observed as had been noted in the heterologous plasma (Text- fig. 4 ).
The results obtained in 33 per cent embryo juice differed considerably from those just described. The control colonies, i.e., those given embryo juice alone as nutrient fluid, behaved differently in different experiments. Usually they proliferated rapidly at first, then more slowly, and finally not at all. Soon after their proliferation ceased, the cells degenerated. The growth curve of these colonies was the typical S-shaped curve that has frequently been described. ~ However, in a few instances, growth continued 28 days or longer (Textfigs. 5 and 6). Therefore, colonies of large area were formed, but the cells in those colonies were scattered and the tissue was exceedingly thin. It was obvious, moreover, that the cells within these colonies were gradually digesting the coagula, and obtaining additional nutriment thereby. The coagula became thinner and thinner, and in certain instances appeared to be consumed in that region that was covered with cells. When serum was given with the embryo juice, the coagula retained their original thickness for a long time. Moreover, the tissue formed in the mixture of embryo juice and serum was always more dense, and was composed of a larger number of cell layers than was that formed by the sister colony cultivated in embryo juice without serum (Figs. 1, 2 , and 3). When 8 per cent serum was given with 33 per cent embryo juice the cells became quite granular, and the colony cultivated in embryo juice and serum increased in area less rapidly than the sister colony that was given only embryo juice in the nutrient fluid. But since the growth continued for a longer time when serum was present, the colonies in the mixture of embryo juice and serum eventually outgrew those given embryo juice alone (Text- 5 ). When 4 per cent serum was given with 33 per cent embryo juice, the cells remained in excellent condition; and the colony which received the serum increased in area and also in thickness more rapidly than did the sister colony that was cultivated in embryo juice without sermn (Text-fig. 6 ). But growth in this medium was not continuous. Mter colonies 2 or 2½ cm. in diameter were obtained, proliferation ceased. Yet the cells cultivated in the mixture of 33 per cent embryo juice and 4 per cent serum did not degenerate, as those in embryo juice alone did. Some of them were kept under cultivation for 2 and 3 months. Throughout this time they seemed to be in good condition. Then, when a small fragment of the tissue was transplanted, they proliferated again. It seems, therefore, that an equilibrium is reached in this medium in which the food supplied is sufficient to maintain a large colony of cells, but is not sufficient to promote further proliferation.
Comparison of Growth in 33 Per Cent and 66 Per Cent Embryo Juice, with Serum, and without Serum
In all those experiments in which the growth in 66 per cent embryo juice was compared with that in 33 per cent embryo juice, a much more rapid growth was always obtained at the higher concentration. When no serum was supplied with the embryo juice the colonies that were given embryo juice at 66 per cent concentration always liquefied the coagulum. Those cultivated in 33 per cent embryo juice proliferated actively at first then more slowly, and then as a rule degenerated without digesting the coagulum. When serum was given with the embryo juice the colonies that received embryo juice at 66 per cent concentration proliferated until the entire coagulum was covered with tissue. Those given embryo juice at 33 per cent concentration proliferated for a very long time but never filled the flask (Text-fig. 7 ).
Cultivation with and without a Coagulum in Media Containing Different Amounts of Serum
So much has been said concerning the probable effect of changes in the physical structure of the coagulum on growth that it seemed advisable to establish, if possible, whether the growth-promoting effect preservative action on the coagulum. In the first experiment made to throw some light on this question, sister colonies of fibroblasts were cultivated in 66 per cent embryo juice. One of them was given 4 per cent serum in addition, the other 8 per cent serum. The coagulum was preserved in both instances, but greater proliferation was obtained with 8 per cent serum (Text-fig. 8 ). In the second experiment the tissues were cultivated in fluM media, in embryo juice alone, and in a mixture of embryo juice and serum. Cells from the colonies cultivated in embryo juice alone migrated out onto the glass, but the tissue that was formed broke up almost immediately into islands of a few cells each, then into isolated cells which soon died (Figs. 4 and 5) . Those cultivated in the mixture of embryo juice and serum proliferated much more actively. The cells migrated out onto the glass and formed a tissue of connected cells which showed no tendency to break up into isolated cells. Then groups of cells migrated further out, forming islands of tissue that covered the entire flask 8. ~ (Figs. 6 and 7) . In these experiments as in those just described, a marked difference in the rate of growth was noted according to the amount of serum supplied, that in the medium containing 8 per cent serum being greater than that in the medium containing only 4 per cent (Text-fig. 9 ).
DISCUSSION
It is evident from the results described above that the primary cause of the discontinuance of growth of heart fibroblasts when they are cultivated in a plasma coagulum with embryo juice as nutrient fluid is the removal of serum from the coagulum. When serum as well as embryo juice is supplied in the nutrient fluid the cells proliferate more actively and for a longer time than they do in embryo juice alone. Yet active growth does not continue unless the embryo juice is given 8 A strikingly different result was obtained with fresh heart tissue in fluid medium. Fairly large colonies of fibroblasts were obtained in embryo juice alone, and these adhered to the flask for a much longer time than did the tissue cells from the pure strain. No attempt has been made to ascertain for how long a time the tissue could be cultivated under these conditions. 9 Fibrublasts have been cultivated by des Ligneris for several months in hanging drop cultures in a medium prepared by extracting embryo pulp with serum. No attempt was made in that work to ascertain the relative part played by the two constituents of the medium. The precipitate that was formed in the medium on standing also appeared in this work and eventually obscured the outline of the cells (des Ligneris, M. J. A., Arch. exp. ZeUforsch., 1936, 18, 442). at higher concentration than that usually supplied. The question of promoting continuous growth seems, therefore, to be mainly a question of supplying adequate nourishment. A means must be found, of course, of bringing the nourishment into intimate contact with the cells, and of removing the waste products. The efficiency with which this is done assumes ever greater importance as the mass of the tissue increases. The serum functions in two ways. It supplies nutriment that is needed by the cells and prevents digestion of the coagulum. Sometimes in its absence the cells digest the coagulum at a very slow rate and obtain thereby enough nutriment to enable them to live for a considerable period of time, but their proliferation under these conditions is never as rapid as it is when serum is present.
That serum is a valuable nutrient for fibroblasts has been known for a long time. Carrel in his first experiments with tissues cultivated outside the body maintained heart and other embryonic tissues in plasma and serum for 2 months or longer. 1° Olivo in 1931 cultivated a fragment of embryonic heart for 6 months in diluted plasma and serum; n and Parker maintained fibroblasts from various sources in diluted serum for periods extending from 92 days to an entire year. 1~ But in all of these experiments growth was exceedingly slow. In Carrel's experiments the fragments grew smaller and smaller, a part of the tissue being lost at each transfer. Olivo reports that in 6 months cultivation the fragment only doubled its size; and Parker states that while serum promotes a slow growth, the first effect of the serum is invariably injurious. The degree of injury, and also the ability of the cells to utilize the serum and proliferate in it varies with the different strains, i.e., according to the source from which they are derived. Fibroblasts from heart utilized the serum less readily than did the other strains and suffered greater injury at first. TM Moreover, in Parker's experiments the muscle fibroblasts which he cultivated for an entire year grew so slowly that it was not necessary to transfer them to a new flask throughout that time. The marginal cells of such cultures invariably died, although new ones came from the central fragment at periodic intervals.
Earle has reported that horse serum is a satisfactory medium for mammary carcinoma and normal fibroblasts taken from the subcutaneous tissues of the rat, and that the growth of these tissues in horse serum is increased by the addition of embryo juice. He also records in passing that the fibroblasts grew more actively in this mixture than in any he had tried. 13 Lewis, and Gey and Gey have found mixtures of human cord serum, rat serum, and embryo juice the most suitable medium for sustaining growth of various tissues in their roller tube technique. 14 Yet the idea that heart fibroblasts require only embryo juice as a nutrient still persists. Moreover, none of these workers have attempted to show by comparative tests the part played by the serum in producing and maintaining growth. Therefore, although some of the results reported 15 here are implied in some of this work, it has seemed advisable to report these comparative experiments which demonstrate that even that strain of fibroblasts which utilizes serum the least readily of all the fibroblasts, when serum alone is given, actually requires serum for its growth.
No effort has been made in this work to determine the optimum ratio of serum to embryo juice or the exact composition of a medium that would promote maximum growth. It is evident, nevertheless, that the concentration of serum should be varied with that of the embryo juice.
It is probably important to note that these experiments do not necessarily invalidate those reported many years ago by Carrel 1~ The experiments reported here were actually performed in 1933 and 1934. Pressure of other work being done at the time prevented their immediate publication. Then this other work which implied these results appeared, so publication did not seem essential. Yet because these experiments show better than others the real part played by the serum, and because of the persistence of the idea that serum inhibits the growth of heart fibrohlasts, it has seemed advisable to present them at this time.
coworkers I° on the inhibiting effect of serum when it is used with embryo juice. In those old experiments serum was always used at high concentration, usually as ~ or 2/~ of the medium; while here it was used at 8 per cent concentration or lessY In a few of these experiments, in which the embryo juice was used at 33 per cent concentration and serum was given at 8 per cent concentration) ~ the effect which serum had in restricting the area of migration was very evident. Moreover, the cells became very fatty and granular when the ratio of serum to embryo juice was too high. Since serum is antitryptic in its action, and since the embryo juice is enzymatic, it may well be that a high concentration of serum prevents growth by inhibiting enzymatic action, while a low concentration promotes it. It is also important to note that these experiments do not necessarily mean that it is impossible to prepare from embryos alone a medium that will meet all the nutritive requirements of the fbroblast; but until the continuous proliferation of fibroblasts in embryo juice alone has been found possible, it will be well to consider serum as an essential part of the medium.
The fndings reported here apply only to heart fibroblasts since it is only heart fbroblasts that have been used in this work. In all probability the same will be found true of fibroblasts from other sources. However, it is not advisable to assume that such is the case for all fibroblasts until it has been submitted to experimental test, for as Parker has shown, fibroblasts of different origins have different nutritional requirements.
SLrMMARy
Experiments designed to ascertain the reason for the cessation of growth of heart fibroblasts when they are cultivated in a plasma coagulum with embryo juice as nutrient fluid have shown that it is due, first, to the gradual removal of serum from the coagulum, and 17 Actually the concentration of serum was somewhat higher than this since there was also some serum in the coagulum. second, to an insufficient supply of embryo juice. In a medium containing embryo extract at 66 per cent concentration and serum at 8 per cent concentration, growth continued until the entire coagulum in a 3½ cm. flask was covered with tissue. The serum is needed to furnish additional nutriment, and also to prevent digestion of the coagulum.
EXPLANATION OF PLATE 37
FIGS. 1 and 2. Photographs showing the relative density of sister colonies of fibroblasts cultivated in embryo juice with and without serum. 
